The interaction between Saccharomyces cerevisiae and chrysotile fibers was studied by scanning electron microscopy. The yeast cells adhere preferentially to the fibrils. In the extreme case, all the adhered fibrils were broken, resulting in a complete coverage of the surface. The chrysotile covered cells showed less buds, but retained metabolic capacities, and were fully active in fermentation experiments after one year. The interaction degree was depending on contact time and adhesion medium. The longer the contact period, the stronger the interaction between the cells and the fibers. Cells adhered in water show poor entrapment after short contact time, but were highly entrapped after longer periods and did not show any agglomerates. Cells adhered in the presence of nutrients showed a lower entrapment and a higher degree of cellular growth.
Introduction
Brazilian industrial ethanol production is about 12 billion litres per year, using sugar cane as raw material. A number of process improvements have been made in recent years, mostly related to strain selection. However, even nowadays the current production is based on batch or semicontinuous processes. We have shown that Saccharomyces cerevisiae supported by chrysotile has a 1.3-fold increase in fermentation velocity and that ethanol yield can be as much as 26% higher than for the free cells . Thus, this system could be used in a continuous fermentation process (Wendhausen et al., 1998) .
Chrysotile is a fibrillar magnesium silicate abundant in Brazil. Ores in this country are uncontaminated by dangerous asbestos forms as crocidolite, tremolite and amosite. A number of papers have been published about the interaction between chrysotile and biological materials, since it is well known that these fibres can cause lung diseases. Among all the natural asbestos materials, which include the amphiboles crocidolite, tremolite, amosite, anthophillite and actinolite, and the serpentines antigorite, picrolite and chrysotile, lung cancer is associated with crocidolite (blue asbestos), tremolite and amosite (brown asbestos) , whereas the other fibres vary in degree of health hazard (Broaddus, 1997) . Chrysotile is less biopersistent than the amphiboles . It is reportedly dissolved in lung and pleural cells (Kogan and Nikitina, 1994) , and therefore less hazardous. However, controversy about asbestos disease risk continues (Cullen, 1998) , focusing on the fibre length and aggregation state. Electron microscopy studies, mostly by transmission electron microscopy, use samples of lung tissue, both from humans and rats, in which the biological material had been dissolved, in order to identify, count and characterize the fibers. Up to now, only one research laboratory has published results on scanning electron microscopy and transmission electron microscopy of ultrathin sections of rat and mouse macrophages (Fukumori et al., 1995 (Fukumori et al., , 1996 (Fukumori et al., , 1997 . So, the use of chrysotile as catalyst support in a large scale industrial process can be considered safe.
Saccharomyces cerevisiae adheres strongly to chrysotile. Preliminary scanning electron microscopy results showed that the cells are attached to microfibres, in a way resembling a silk-nest . As far as we know, this is a novelty in terms of cell attachment. After adhesion onto chrysotile, the cells show fermentation activity for as long as one year, even when kept in a standard refrigerator. The nature of the interaction may explain this and other unexpected metabolic alterations, namely increased thermal tolerance and diminished reproduction rate. In this work we show SEM results obtained studying the adhesion of yeast on chrysotile as a function of time and media.
Experimental

Adhesion method
Chrysotile 5R (Quebec Standard) obtained from SAMA Mineração de Amianto Ltda (Minaçu, GO, Brazil) was washed with tap water and activated by sonication at controlled pH (4.7) as described elsewhere (Parizotto et al., 1989) .
The Saccharomyces cerevisiae strains FEA01 and CCT3174 were studied. These strains were previously selected as being those that gave the best yields in sugar cane fermentation when adhered onto chrysotile.
Two grams of activated chrysotile were dispersed in 100 mL distilled water (W) or 5% (w/v) sugarcane syrup solution (S) then sterilized (120°C, 15 min). After cooling, Saccharomyces cerevisiae (FEA01), obtained from Faculdade de Engenharia de Alimentos -UNICAMP (Campinas SP, Brazil), was inoculated at 30±0.1°C and stirred for 24 h. The suspensions (samples W and S) were sieved (170 mesh) and washed with 2 L distilled water.
Saccharomyces cerevisiae (CCT 3174), obtained from Fundação Tropical André Tosello (Campinas SP, Brazil) was grown in a sterilized (120°C, 15 min) solution containing 10 g L -1 D-glucose, 5 g L -1 peptone, 3 g L -1 malt extract and 3 g L -1 yeast extract. After 2 days, the suspension was centrifuged (2500 rpm, 15 min), suspended in sterilized water (0.500 L -1 ) and filtered (Buchner with filter paper) to obtain the yeast. One gram of activated chrysotile and 0.6 g of cells were dispersed in 200 mL of distilled water, stirred for 15 min, sieved (200 mesh) and washed with water, sample W(-). One gram of activated chrysotile was dispersed in 200 mL of distilled water, stirred for 10 min and sterilized (120°C, 15min). After cooling, 0.6 g of the cells were added with mild stirring for 10 min, and the suspension was sieved (200 mesh). The cake was kept in an Erlenmeyer flask, covered with beads to avoid buoyancy and 1.5 L of fermentation medium containing 30% (w/v) D-glucose, 0.5 g L -1
MgSO 4 .7H 2 O and 3.0 g L -1 urea was added. The pH of this solution was adjusted to 5.0 with phosphoric acid. The flask was sealed with a rubber stopper pierced by a needle and placed during 4 days in a thermostatically-controlled shaker at 30.0±0.1°C. The suspension was sieved (200 mesh) and washed with water, sample S(+). These samples are summarized in Table 1 .
Sample preparation for scanning electron microscopy (SEM)
Saccharomyces cerevisiae / chrysotile samples were separated into two portions before handling. One was handled as usual. The second was protected with a nylon gaze (ca. 0.5mm opening) to avoid losing of cells during handling. Both sets were fixed in a phosphate-buffered (0.1 mol L -1 , pH 7) 2.5 % v/v glutaraldehyde solution by gently shaking for 2 h at 4°C and rinsed in the same buffer. Postfixation was carried out in 1% osmium tetroxide in phosphate buffer by gently shaking for 2 h at room temperature. The samples were washed 10-times in distilled water and dehydrated through a graded series of ethanol solutions (50, 70, 80, 95, 100% v/v) , dried by the critical point method with CO 2 , mounted on stubs and sputter coated with gold (4nm). SEM observations were made in a JEOL JSM-840A (Japan) scanning electron microscope at an accelerating voltage of 25 kV.
Results and Discussion
No significant difference in behavior was found between strains FEA01 and CCT3174, as regards the adhesion process. Figure 1 shows SEM micrographs of cells adhered to chrysotile fibrils in the presence (A to E) and in the absence (F) of nutrients. Cells that are strongly and cells that are poorly adhered to the fibrils can be distinguished. All chrysotile/cell systems examined a week after the adhesion time showed little chrysotile/cell interaction. In Figure 1A , cells that had been in contact with chrysotile for 8 days, during sample storage, are shown. No fibre entrapment was observed, only agglomerates with bonded cells and scars in the cell wall due to budding growth. In Figures 1B to 1F cells were in contact with the fibres for 60 days in a refrigerator (4°C), and appear much more entrapped by the fibrils.
During the storage period neither nutrients nor water were supplied. Even so, the cells reproduced by a budding process, as evidenced by the wall-bound cells in Figures 1B and C. The budding growth process induces a state of cellular agglomeration. These agglomerations, with cells poorly adhered to the fibrils, were preserved through the use of a nylon net during sample preparation. As expected, only the cells deeply entrapped by fibrils, forming a sort of silkworm cocoon, can be observed in samples fixed without the nylon net, as in Figures 1D and 1E whereas all poorly entrapped cells were lost during sample preparation. The estimated number of strongly entrapped cells in these 60-day-storage samples is about 10%. 
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Cells adhered during 15 min in the absence of nutrients showed no entrapment following 8-day-storage. On the other hand, in 60-day-storage samples adhered in the absence of nutrients, about 25% of the cells in the samples were found to be highly entrapped, as shown in Figure 1F . Slower cellular growth should be expected in this case. In fact, no agglomerates of cells were observed, though buds were visible, indicating metabolic activity.
The degree of interaction between the cells and the chrysotile fibres seems to be related both to exposure time and to the presence or absence of nutrients during the adhesion period. The cells seem to have spared nutrients they used during storage time. Cells adhered in the absence of nutrients seem to have used some nutrient from the fibrils more intensely. Figure 2 shows SEM micrographs of cells adhered to chrysotile fibrils in the presence (A to C) and in the absence (D and E) of nutrients, stored for 1 year. Only cells completely surrounded by fibrils and broken fibrils are present. The overall appearance of the cells is different from that of the 60-day-storage samples shown in Figure 1 . Also, the chrysotile fibrils appear degraded in some way, as in Figure 2D and E. A visible difference occurs in the fibrils surrounding the cells, compared to the appearance of the fibrils shown, for instance, in Figure 1 . Figure 2E shows an extreme case of fibril degradation by the cells, since no fi-Saccharomyces Cerevisiae and Chrysotile brilar structure is recognized covering on the outside of the cells.
The one-year-storage samples adhered in the presence or in the absence of nutrients develop differently, as shown in Figures 2A, 2B and 2C (with), and 2D and 2E (without nutrients) . Almost all the cells adhered in the absence of nutrients are covered mostly by broken fibrils (2D and 2E); cells adhered in the presence of nutrients (2A and 2C) were covered to a lesser degree.
Comparing Figures 1A with 2C and 2E, it seems that the fibrils are incorporated in the cell wall. In fact, preliminary results obtained by transmission electron microscopy from ultrathin sections of the cell/chrysotile system (from the samples in Figure 2 ), show fibrils inside the cell wall. Figure 2B shows two different shapes of entrapped cells, elongated and spherical-shaped. The elongated cells represent about 30% of all analyzed samples, and this change of shape may be a consequence of a better adaptation of the cell in the support (Bandypadhyay and Ghose, 1982; Norton and D'Amore, 1994) .
The intimate interaction between Saccharomyces cerevisiae and chrysotile fibrils seems to indicate that the material would supply nutritive elements important for the cell's metabolism. A nutrient transfer from fibers to cell can cause the disruption of the fibrillar structure of chrysotile, as shown in Figure 2E . The importance of Mg for cellular reproduction and fermentative metabolism has been extensively reported in the literature (Walker and Maynard, 1997; Ciesarová et al., 1996) , but Mg alone does not show the same effect as the brucite surface layer of chrysotile for the adhesion of cells . Also, Mg uptake by the cells should be much smaller than the quantities available in the chrysotile surface, or in the solution, since Mg is a metabolic co-factor. It seems that the brucite layer is acting as an adhesive surface, probably through acid-base interactions with the glycoproteins of the cell wall (Kida et al., 1992; Mozes et al., 1987) . Besides that, the entrapment can act as a protection for the cells against environmental stress (Ciesarová et al., 1996) , once the Saccharomyces cerevisiae cells are still active for fermentation following one-year storage in the absence of nutrients. This protection can be a mechanical protection.
Conclusions
A specific interaction between Saccharomyces cerevisiae cells and chrysotile fibres is shown. The cells adhere only to fibrils. In the extreme case, the surface becomes totally covered by broken fibrils. The interaction is time dependent. There is no evidence that the fibrils are penetrating the cell, but they seem to be entrapped in the cell wall. Buds grow with fibrils adhered, from the beginning, showing no growing hindrance.
